). We detected a weak signal for en-␤-catenin binding to PS1 is independent of ␥-secretase dogenous holo-APP after long exposure. The reciprocal function (Saura et al., 2000) , it follows that PS1 contains experiment using GST-TLN/256C confirmed that endogenous PS1-CTF binds to TLN in a salt-dependent way ( Figure 1D ). Although the PS1-NTF/CTF complex is Tri-1 Correspondence: ad@med.kuleuven.ac.be
Figure 1. TLN Binds PS1 In Vitro and In Vivo (A) Structure of TLN with nine Ig-like domains (I to IX). TLN/256C identifies the fragment isolated by two-hybrid. The epitopes recognized by pabs B35.1 and B36.1 are indicated. (B) Endogenous TLN binds to GST-PS1/39C and -PS2/39C fusion proteins. Equal amounts of fusion proteins were incubated with low salt
Triton X-100 brain extracts (left) or in the presence of increasing salt concentrations (right, only for PS1/39C). Bound material was separated on 12% NuPAGE, blotted, and probed with anti-TLN pab B36.1 (1/10,000). (C) The PS1-TLN interaction is specific. GST-PS1/39C or GST alone was incubated with (ϩ) or without (Ϫ) Triton X-100 brain extracts at low (75 mM) or high (400 mM) salt concentration and the bound material ("beads") was analyzed. Endogenous TLN was quantitatively retained on the immobilized GST-PS1/39C at 75 mM NaCl (compare with depleted TLN signal in the unbound fraction [sup, 75 mM, one-third of the input]). Except for some APP, other proteins such as synaptophysin, syntaxin, or synaptobrevin II, or ER-specific proteins (calnexin/PDI) did not interact. (D) GST-TLN/256C interacts with endogenous PS1. Immobilized GST-TLN/256C or GST was incubated with high or low salt, 1% Triton X-100 or 2% CHAPS brain extracts. PS1-CTF was predominantly detected in the bound fraction of low salt 1% Triton X-100 extracts. In the case of 2% CHAPS, both the PS1-NTF and PS1-CTF were bound to GST-TLN/256C. The difference in intensity of the bands is due to different affinities of the pabs as shown in "Total." Binding was largely inhibited at 400 mM. Some endogenous APP was recovered on the beads, especially from 2% CHAPS brain extracts. No binding was observed for synaptobrevin II and BAP31. (E) Endogenous TLN and PS1 fragments coimmunoprecipitate. 1% Triton X-100 mouse brain extracts (1.5 mg/ml) were incubated overnight with protein G Sepharose (15 l) and affinity purified B19.2 (anti-PS1-NTF) or B32.1 (anti-PS1-CTF). 2% of the extract (Total) and the unbound supernatants, and total bound proteins were separated on 4%-12% NuPAGE followed by blotting. Incubations without extract or antibody were used as negative controls. Antibodies to the transferrin receptor (TFR) were used to illustrate the specificity of the immunoprecipitation. ton X-100 sensitive, minor amounts of PS1-NTF were from mouse brain Triton X-100 extracts. As shown in Figure 1E , TLN significantly coprecipitated with PS1-detected in precipitates of Triton X-100-extracted membranes, suggesting that TLN also interacted with the NTF or PS1-CTF. A control membrane protein, the transferrin receptor, did not. The coprecipitation of TLN with PS1-NTF. In the presence of 2% CHAPS, both PS1-NTF and PS1-CTF were stochiometrically recovered on the PS1 was again salt dependent. It should be noted that only a few percent of total TLN was recovered in the beads, as both fragments remain associated under these conditions (Capell et al., 1998 Figure 1D ). mained negative (Figure 2A ). TLN displays a characteristic reticular staining pattern in horizontal sections and Next we tested whether this binding also occurs at the endogenous level of expression. We immobilized presents as focal contacts when viewed laterally ( Figure  2A ), in accordance with its role in neurite outgrowth affinity-purified pabs against either the PS1-NTF (B19.2) or PS1-CTF (B32.1) and precipitated quantitatively PS1 and cell-cell interactions. Little or no colocalization was TLN was expressed in the PS1 Ϫ/Ϫ than in wild-type neurons.
Since TLN accumulations were mainly seen near the cell surface, we looked at the distribution of actin filaments using phalloidin staining. Only in PS1 Ϫ/Ϫ neurons, intense clusters of phalloidin staining, intimately associated with the TLN accumulations, were observed (Figures 3D and 3E ). This suggests that the accumulating TLN causes a local distortion of the actin cytoskeleton. Because cell surface biotinylation failed to label TLN clusters ( Figure 3F) , we conclude that they are localized in the cell.
PS1 Regulates TLN Protein Expression during Differentiation
TLN is only detected after birth and rises rapidly to stable levels within the next month . This increase occurs concomitantly with the neurite out- 
Delineation of the TLN and APP Binding Domains in PS1
We noticed in our initial experiments that, apart from PS1-CTF, some PS1-NTF also bound to TLN, even in the presence of Triton X-100 ( Figure 1E ). To analyze which subdomains of PS1 could bind to TLN, a series of PS1 fragments ( Figure 6A ) were fused to GST and Interestingly, radiolabeled APP/C99 was recovered on exactly the same recombinant GST-PS1 fragments as TLN (Figure 6C ), corroborating our conclusion that APP and TLN bind to very similar sites in PS1.
Discussion
The Interaction between TLN and PS1 Occurs Transiently and Is Important for TLN Localization Using four independent in vitro and in vivo approaches, compelling evidence was obtained that TLN binds to PS1 and PS2. Importantly, the interaction was also established at the endogenous level of expression. It is clear, however, that only a small fraction of TLN binds PS1 under steady-state conditions ( Figure 1E ), indicating that the interaction is functional and not structural. This was further corroborated using confocal microscopy. We confirm that PS1 is mainly restricted to pre- Interestingly, TLN accumulates in intracellular struc-PS1 apparently controls at least two pathways involved in neuritic arborization. It is therefore surprising that tures and seems to cause a local reorganization of the subcortical actin cytoskeleton (Figures 3D-3F) . Tian et the absence of PS1 has so little effect on the overall morphology of mature neurons in culture (this study).
al. (2000b) have demonstrated a link between the actin cytoskeleton and TLN. This interaction is important for
We conclude that important compensating mechanisms must be at work and anticipate more subtle, yet-to-be intercellular adhesion believed to control neurite outgrowth in the telencephalon. Since Notch signaling is discovered physiological alterations in neuritic out- we provide a structural basis for further investigations of this question. It is also clear that these binding sites provide novel potentially important targets for drug de-Interuniversity Institute for Biotechnology, and by grants of the
